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Graphene has been attracting considerable interest for various applications such as transparent 
electrodes, sensors, solar cells, and transistors, due to its outstanding electrical, optical and mechanical 
properties. A number of researchers have especially focused on developing graphene field-effect transistors 
(GFETs) to replace conventional silicon-based devices. Many challenges however still remain to be overcome. 
This research, aimed at development of high performance GFETs, is focused on introducing a novel heating 
method, the microwave annealing (MWA), in GFET fabrication for the first time. 
First, we demonstrated that a damage-free, high-quality formation of an Al2O3 dielectric layer is possible 
on epitaxial graphene (EG) by a solution-based sol-gel method combined with MWA. The surface roughness 
and the chemical stoichiometry were all improved in the proposed MWA-treated sol-Al2O3. In particular, 
MWA-treated sol-Al2O3 layer showed a small leakage current (1.0×10-5 A/cm2) as well as a high dielectric 
constant (~7.5) as shown in Fig. 1. As a result, both the transconductance and the filed-effect mobility 
characteristics were improved by a factor of ~8 as compared with those of an EG-FET with a natural Al2O3 
gate oxide (Fig. 2). The mobility value itself (~10 cm2/Vs), however, was not as high as the reported values 
(~200 cm2/Vs), due mainly to the long access length as well as the insufficient quality of EG, whose 
improvement is open to future studies. 
Second, this study proposed a novel and simple method for the formation of quasi free-standing epitaxial 
graphene (QFSEG) using MWA in air. The low-energy-electron-diffraction (LEED) and high-resolution- 
transmission-electron-microscopy (HR-TEM) results confirmed that a MWA treatment on a mono-EG for 
just 2 min decouples the buffer layer from the SiC substrate and converts it into a bilayer QFSEG (Fig. 3). 
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The XPS results showed that oxygen atoms passivate the Si dangling bonds by the breakage of the Si-C 
σ-bonding (Fig. 4). The doping type changed from n-type (n ≈ 1.0 × 1013 cm-2) to p-type (p ≈ 3.0 × 1013 cm-2). 
Reflecting this increase in the carrier concentration, however, the carrier mobility decreased from ~1500 to 
~650 cm2/Vs, due primarily to the enhanced charged impurity scattering. Still, the mono-EG-FET and the 
QFSEG FET showed a similar gm values of ~35 mS/mm (at VD = 2.5 V, VG = 1 V), which is reflected in 
similar cut-off frequencies (fT) of ~12 GHz for both devices (Fig. 5). This degradation could be overcome by 
controlling the chamber ambient with a non-oxidizing species such as hydrogen, which is left for future 
studies. 
Although the device characteristics obtained in this study was mediocre, the substantial reduction of the 
processing time by two orders of magnitude will surely contribute to the betterment of the productivity of the 
EG-based devices. It is believed that MWA method is a highly promising route towards nanoelectronic 
applications based on epitaxial graphene. 
 
 
Fig.1 Comparison of electrical characteristics for various annealing conditions: (a) leakage current 
density-electric field, (b) the dielectric constants as determined from C-V measurement. 
 
 
Fig.2 Drain current and transconductance characteristics of (a) EG-FET with natural oxide of Al, and (b) 
EG-FET with MWA-treated sol-Al2O3. 
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Fig.3 LEED patterns and HR-TEM image (a) before 
and (b) after MWA. 




Fig.5 (a) DC and (b) RF characteristics of EG-FET with natural oxide of Al (black) and EG-FET with 
MWA-treated sol-Al2O3 (red).  
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